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Vegetation data obtained from raised, circular, zoogenic soil mounds was compared with that of adjacent off-
mound habitats in the Worcester - Robertson valley. Deciduous plant growth forms occurred with 
comparable frequency and had similar cover values to evergreen forms on-mound, while evergreens were 
dominant off-mound. Succulents and non-succulents were distributed equally in terms of frequency and cover 
between the two habitats. On-mound soils had higher clay and silt fractions, water status, pH and macro- and 
micro-elemental concentrations than did off-mound soils. Marked differences in soil elemental concentrations 
between the habitats were generally not reflected significantly in the foliar elemental concentrations of selec-
ted species, with the exception of N. The improved soil N and water status on-mound may provide conditions 
conducive to the success of deciduous plant forms in this habitat. 
Plantegroei-data verkry vanaf verhewe sirkelvormige zobgeniese heuweltjies en omliggend-gelee (tussen-
heuweltjie) habitats in die Worcester - Robertson-vallei is vergelyk. Bladwisselende plantgroeivorms het 
hoofsaaklik op heuweltjies voorgekom, terwyl immergroen vorms eerder tussenin voorgekom het. Heuweltjie-
gronde het hoer klei- en slik-fraksies, water-inhoud en makro- en mikro-element-konsentrasies vertoon as suur 
nie-heuweltjie-gronde. Alleenlik hoer N-konsentrasies van heuweltjie-grond het voorgekom gekom in die 
blaar-analise van aile spesies wat ondersoek is. Daar word dus voorgestel dat die meer geskikte N-status van 
heuweltjie-grond, in kombinasie met 'n verbeterde water-status, gunstiger toestande skep vir die sukses van 
bladwisselende groeivorms. 
Keywords: Growth forms, mounds, phytochemistry, soil chemistry, vegetation composition 
-To whom correspondence should be addressed 
Introduction 
Large, evenly spaced lenticular or conical soil mounds 
occur throughouta wide range of altitudinal and climatic 
zones over extensive areas of Africa (Darlington 1985). 
Like ant-formed (formica) mounds (Culver & Beattie 
1980; Beattie & Culver 1981; King 1977), these often 
have a different flora , soil texture and chemistry from 
their surroundings (Darlington 1985). Their formation 
has been attributed to termite action , either active or 
residual (Michel more 1939; Vesey-Fitzgerald 1963; 
Mielke 1978; Darlington 1985), burrowing by mole-rats 
(Cox & Gakahu 1983) , or a combination of these two 
factors (Lovegrove & Siegfried 1986; Cox & Lovegrove 
1987). Although some controversy exists as to the 
precise agents responsible for their formation (Darling-
ton 1985; Lovegrove & Siegfried 1986), they are clearly , 
like formica mounds, of zoogenic origin. 
In the south-western Cape Province, numerous raised 
circular soil mounds , about 1 m high and 30 m in 
diameter, are found restricted to inland flats, mountain 
valleys and west coast lowlands (Lovegrove & Siegfried 
1986). Their formation has been attributed to burrowing 
by termites and mole-rats as influenced by waterlogging 
of shallow soils during the long winter rainfall season 
(Lovegrove & Siegfried 1986; Cox & Lovegrove 1987). 
Soil mounds of the south-western Cape appear similar 
(Lovegrove & Siegfried 1986) to those which occur over 
large areas of western and south-western North America 
(Price 1949) and the Peruvian altiplano (Scheffer 1958). 
They have been described as Mima-like (Lovegrove & 
Siegfried 1986; Cox & Lovegrove 1987) , since the type 
locality of North American mounds is Mima Prairie in 
Washington State , U.S.A . (Cox 1984). 
Most research on African zoogenic soil mounds has 
concentrated on identifying the mechanisms involved in 
their formation. There is relatively little information 
about soil structure and chemical composition in on-
mound and adjacent off-mound habitats, and the influ-
ence of these on the composition of associated 
vegetation, which can be of economic and ecological 
importance. For example , abandoned termite mounds in 
Kenya are used as foci for small-scale cultivation (Mielke 
1978) and serve as nuclei for forest expansion (Burtt 
1942) . 
In surveys of the Worcester - Robertson valley in the 
south-western Cape, differences in vegetation composi-
tion were observed between on- and adjacent off-mound 
(inter-mound) habitats (Olivier 1966; Joubert 1968; 
Norton 1977) . Olivier (1966) attributed these to differ-
ences in soil pH. Norton (1977) noted similarities 
between on-mound vegetation and that occurring in 
shaded gullies and drainage lines of the area, and 
suggested that improved soil water status on-mound 
could account for observed differences in species 
composition . Tn this paper, these broad hypotheses are 
further investigated through analysis of the relationship 
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between vegetation structure and composition and soil 
water and chemical characteristics in on- and off-mound 
situations, in order to identify the principle determinants 
of the vegetation differences between these habitats . 
Study area 
The Worcester - Robertson valley (33°39'S 19°27'E 
- 33°50'S 19°54'E) lies approximately 140 km north-
east of Cape Town at an altitude of 150 to 220 m in an 
area bounded by the Langeberg, Riviersonderend, 
Boschiesveld and Stettyn mountain ranges. Climate is 
typically mediterranean with a mean annual rainfall 
ranging from 225 mm in the west to 345 mm in the east 
(Fuggle ] 981) . Soils are weakly developed (Harmse 
1978) and derived mainly from Bokkeveld and Witte-
berg parent formations (Theron 1983) . Soil depth in the 
study area varies with terrain , slope and distribution of 
parent material , but soils are generally shallow (depth 
less than 0.5 m) . The vegetation of this area, included 
within the Succulent Karoo Biome (Rutherford & 
Westfall 1986), is dominated by chamaephytes, many of 
which are succulent. Within this biome, species diversity 
is high , there are a considerable number of rare and 
endangered species (Hall et al. 1980) and many species 
are endemics or near endemics (Werger 1978). 
Methods 
Correspondence analysis 
Vegetation survey data from 23 pairs of adjacent on- and 
off-mound releves (stands) in the Worcester - Robert-
son valley were obtained from three unpublished 
sources, namely Olivier (1966), Joubert (1968) , and 
Norton (1977). Cover data from each source were 
converted to importance values, according to a modified 
Domin-Krajina scale (Mueller-Dombois & Ellenberg 
1974), to establish uniformity in expression of cover. 
Because this study was concerned particularly with 
patterns exhibited by the more abundant species of the 
area, and to prevent distortion of the ordination , those 
species which occurred in less than 20% of the stands 
were excluded from the data set. Data were SUbjected to 
a stand and species ordination using Correspondence 
Analysis (Greenacre 1984; Underhill & Peisach 1985). 
Soil and foliar analyses 
Soils, for chemical analyses, were sampled both on- and 
off-mound at five sites whose distribution represented a 
similar range of parent materials as presented in Olivier 
(1966), Joubert (1968) and Norton (1977) . At each site 
and in each habitat, three soil cores , each 100 mm in 
diameter and 200 mm deep , were taken 4 m apart at 
distances of 150 to 300 mm from the nearest plant 
canopy edge. Samples were air-dried and sieved through 
2-mm mesh . Total nitrogen was determined by the Kjel-
dahl method (Black 1965a). Macro- and micro-elemental 
concentrations were determined using a Direct Current 
Plasma Spectrometer following extraction of soil 
minerals in 1 % citric acid solutions at 80°C. Soil pH was 
determined according to the method of Schofield & 
Taylor (1955). Textural characteristics of both soil types 
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were determined from samples collected in three 
separate areas at one site , using the hydrometer method 
(Fertilizer Society of South Africa 1974) . 
The seasonal changes in soil water contents on- and 
off-mound at one site were determined from soil cores 
sampled monthly, with a Wehrmeyer-type auger at three 
different soil depths , namely: 0-50 mm , 51-100 mm , 
101-150 mm . Cores were sealed in pre-weighed air-tight 
phials , weighed, dried at lOSOC to a constant mass and 
reweighed . Gravimetric soil water content was expressed 
as a percentage of oven-dried soil (Black 1965b) . Mean 
soil bulk densities (g cm-3) for each depth zone were 
calculated from 20 cores taken during winter, when soil 
consistency was firm . Volumetric water content (ml cm-
3) was calculated as a product of the gravimetric soil 
water content and mean bulk density . 
Four species with different growth forms were selected 
for foliar analysis on the basis of their habitat prefer-
ence , derived from the species ordination . These were 
Pteronia incana and P. paniculata (evergreen non-
succulents) , Ruschia caroli (evergreen leaf succulent) 
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Figure 1 Correspondence Analysis of on- and off-mound 
vegetation data (A - stand ordination, B - species ordin-
ation). 
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and Euphorbia burmannii (deciduous stem succulent). 
Foliar material was collected at the end of the growing 
period (November) from four randomly selected individ-
uals in each habitat at the same localities where soils 
were sampled for nutrient analyses. In each species, 
foliar material was separated from the shoots and 
bulked, except in E. burmannii where stem segments of 
the current year's growth constituted the photosynthetic 
tissue. Samples were oven-dried at 60°C to a constant 
mass and milled. Total nitrogen was determined by the 
micro-Kjeldahl method (Association of Official Agricul-
tural Chemists 1975). Macro- and micro-elemental 
concentrations were determined using a Direct Current 
Plasma Spectrometer after dry-ashing of samples and 
extraction of residue in 5% HC!. 
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Statistical analyses 
Differences in soil water and soil and foliar elemental 
concentrations between on- and off-mound habitats 
were tested by the Kruskal-Wallis H -test (Sachs 1982), 
due to the generally non-normal distribution of these 
data. 
Results 
Correspondence Analysis 
Two distinct groups were distinguished along the first 
ordination axis (Figure 1a). Each comprised stands 
occurring exclusively in on- and off-mound habitats, with 
the exception of one off-mound stand which occurred in 
a low-lying situation. Soil pH data included for survey 
localities by Olivier (1966), Joubert (1968) and Norton 
(1977), indicated that on-mound stands occurred on 
Table 1 Vegetation classification according to habitat preference derived from 
Correspondence Analysis 
Off-mound On-mound 
Frequency Cover Frequency Cover 
Species (%) value (%) value Growth form' 
On-mound community 
Exclusive species 
Lycium cinereum 0.0 0.0 34.8 0.65 DINS 
Dominant species 
Euphorbia mauritanica 4.3 0.43 95.7 5.48 DIS 
Galenia africana 21.7 0.22 87.0 3.96 E/NS 
Pteronia incana 17.4 0.56 87.0 3.52 E/NS 
Common species 
Tylecodon paniculatus 4.3 0.43 73.9 2.39 DIS 
Pentzia incana 13.0 0.13 43.5 1.61 DINS 
Aloe microstigma 4.3 0.04 47.8 0.78 E/S 
Crassula subaph ylla 4.3 0.04 30.4 0.74 E/S 
Drosanthemum delicatulum 4.3 0.04 26.1 0.87 E/S 
Indiscriminate group 
Co-dominant species 
Ruschia caroli 95.7 6.17 78 .3 4.74 E/S 
Euphorbia burmannii 65.2 1.30 100.0 4.26 DIS 
Common species 
Ehrharta calycina 43.5 0.83 21.7 0.70 DINS 
Leipoldtia jacobseniana 34.8 0.56 34.8 1.22 E/S 
Delosperma pageanum 30.4 0.39 21.7 0.30 E/S 
Off-mound community 
Common species 
Crassula anomala 26.1 0.26 4.3 0.04 E/S 
Dominant species 
Pteronia paniculata 100.0 7.39 43.5 0.48 E/NS 
Excl usive species 
Haworthia pumila 26.1 0.52 0.0 0.0 E/S 
Drosanthemum speciosum 17.4 0.43 0.0 0.0 E/S 
Adromischus mammillaris 39.1 0.39 0.0 0.0 E/S 
Felicia filifolia 17.4 0.35 0.0 0.0 E/NS 
Lampranthus haworthii 30.4 0.35 0.0 0.0 E/S 
Crassula nudicaulis 26.1 0.26 0.0 0.0 E/S 
*E = evergreen, D = deciduous , S = succulent , NS = non-succulent 
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weakly acid to alkaline soils (pH 6.0-8.0) and off-
mound stands on strongly acid soils (pH 3.0-5.0). The 
separation of stands along the second ordination axis 
reflected a decrease in rainfall from east (Norton sites) 
to west (Joubert sites). 
Three groups were distinguished in the species ordin-
ation (Figure Jb), namely an on-mound community, an 
off-mound community and an indiscriminate group. The 
composition of each group is presented in Table 1. 
Species included within each are subdivided into a 
number of categories on the basis of cover importance 
and frequency in each habitat. With the exception of E. 
burmannii, which occurred as a co-dominant of both on-
and off-mound habitats, and Ehrharta calycina, a 
member of the Poaceae, all deciduous species were 
clearly associated with the on-mound habitat (Figure 
1b). In this habitat, the deciduous growth form occurred 
with a much higher frequency and cover importance than 
off-mound (Table 2). The opposite was true of the 
evergreen growth form. Irrespective of deciduousness or 
evergreenness, succulent and non-succulent forms were 
similarly distributed, in terms of frequency and cover 
importance, in on- and off-mound habitats. However, 
deciduous succulents occurred with a higher frequency 
and cover importance than evergreen succulents on-
mound, with this pattern reversed off-mound. 
Soil and foliar analyses 
On-mound soils were characterised by a higher 
proportion of clay and silt, and a lower sand fraction 
than those off-mound (Table 3). 
Gravimetric and volumetric soil water contents were 
significantly higher (P<0 .05) on- than off-mound at all 
depths during winter and spring (Table 4), the active 
growth period for most species in the study area (Joubert 
1970). During autumn, these differed significantly 
between the two habitats only at soil depths less than 100 
mm. Few differences in soil water content between these 
Table 2 Relative frequency and cover of different 
plant growth forms in on- and off-mound habitats 
Off-mound On-mound 
Relative Relative Relative Relative 
frequency cover frequency cover 
Growth form (%) (%) (%) (%) 
Deciduous 
Succulent 11.8 10.2 32.5 38.2 
Non-succulent 9.0 4.5 12.0 9.3 
Subtotal 20.8 14.7 44.5 47.5 
Evergreen 
Succulent 54.2 44.9 29.3 27.4 
Non-succulent 25.0 40.4 26.2 25.1 
Subtotal 79.2 85.3 55.5 52.5 
Total 
Succulent 66.0 55.1 61.0 65.6 
Non-succulent 34.0 44.9 38.0 34.4 
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two habitats at all depths were apparent during summer. 
Soil water contents at all depths on-mound rose more 
rapidly during autumn and winter, attained higher levels 
than those off-mound, and declined less rapidly during 
spring and summer (Figure 2). 
Soils on-mound were calcareous with a high pH and 
had significantly higher (P<0.05) macro- and micro-
elemental concentrations, with the exception of Na, than 
acid off-mound soils (Table 5). Differences in soil 
elemental concentrations between habitats, however, 
were not reflected in the foliar analyses, with the 
exception of N which was significantly higher (P<0.05) 
in all species growing on-mound (Tables 6 & 7), and P 
and Band Mg and Ca which were significantly higher 
(P<0.05) in P. incana and R. caroli respectively growing 
on-mound. Significant differences in other foliar 
elemental concentrations, e .g. Zn, Mn, AI in E. burman-
nii and Mn in P. paniculata, were species specific and 
inversely related to soil elemental concentrations. 
Discussion 
On- and off-mound soils can be clearly distinguished on 
the basis of their chemical composition and water status. 
Soils on-mound are alkaline, typically Ca-rich and have 
higher water contents and elemental concentrations than 
acid off-mound soils. Judged by cation status only, 
according to the standards of Day (1983), on-mound 
soils can be classified as agriculturally rich (eutrophic) 
and those off-mound as nutrient poor (oligotrophic). 
On- and off-mound soils exhibit some similarities in 
chemical composition to limestone and acid peat soils of 
calcicole and caIcifuge habitats respectively (Jefferies & 
Willis 1964), and limestone and sandstone soils of the 
Cango Valley, southern Cape (Raitt & Moffet 1987). 
Ca, Na and Mg concentrations off-mound are, however, 
higher than those reported by these authors for acid 
soils . Higher soil P and K levels on-mound are in broad 
agreement with studies of formica mounds (Czerwinski 
et al. 1971; Malozemova & Koruma 1973; Petal 1978), 
where higher levels are most pronounced in the centres 
and diminish both with depth and distance from the 
perimeters (Malozemova & Koruma 1973). These higher 
levels persist even after formica mounds have been 
abandoned by ants for several months (Petal 1978). In 
the south-western Cape, residual effects of zoogenic 
mounds on the performance of vine cultivars (Saayman 
Table 3 Textural characteristics of soils from 
on- and off-mound habitats (n = 3, standard 
deviation given in brackets beside the mean) 
Proportion of total soil mass (%) 
Soi I fraction Off-mound On-mound 
Clay 11 (2) 23 (6) 
Silt 14 (0) 23 (11) 
Coarse sand 22 (4) 15 (2) 
Medium sand 16 (3) 12 (1) 
Fine sand 37 (6) 28 (4) 
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Table 4 Statistical comparison of gravimetric (g H20 100 g-1 dry soil) and 
volumetric (ml H20 cm-3 soil) soil water content (n = 15) at different depths 
in on- and off-mound habitats 
Water content 
Off-mound On-mound H-statistic 
Season! 
soil depth Gravimetric Volumetric Gravimetric Volumetric Gravimetric Volumetric 
Summer' 
0-50 1.05 0.0073 1.56 0.012 3.16 3.86* 
51-100 1.04 0.010 1.52 0.015 3.15 3.15 
101-150 1.61 0.021 2.31 0.030 6.61 * 0.97 
Autumn' 
0-50 1.77 0.012 3.44 0.026 6.61 * 7.41 * 
51-100 2.18 0.022 3.60 0.035 4.90* 4.90* 
101-150 2.10 0.028 3.69 0.049 10. 15 * 3.84 
Winter 
0-50 5.05 0.035 11.02 0.082 12 .52** 12.85 ** 
51-100 3.49 0.033 9.67 0.095 18.80** 19.52" * 
101-150 3.45 0.045 8.18 0.110 15.69** 16.69* * 
Spring 
0-50 1.57 0.011 4.66 0.035 15 .94** 18.43** 
51-100 1.85 0.018 4.57 0.045 18.79* * 19.15** 
101-150 1.81 0.024 4.88 0.064 20.64** 16.35** 
'Significant at P < 0.05 
**Significant at P < 0.001 
'No data available for February and March , n = 10 for all depths 
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1973) and wheat (G . Thompson pers. comm.) have also 
been observed, even after several years of intensive 
cultivation . Higher heavy metal and AI soil 
concentrations observed on-mound did not reflect the 
expected decrease in solubility of these elements 
associated with increased soil pH (Epstein 1972; Roy et 
Table 5 Statistical comparison of soil 
elemental concentrations (n = 15) between on-
and off-mound habitats 
Concentration (mmol kg") 
Element Off-mound On-mound H-statistic 
pH 4.43 7.09 17.41** 
N 61.97 84.62 6.44* 
P 0.538 2.426 4.68' 
K 2.319 7.98 11.17** 
Ca 11.17 146.67 19.15** 
Mg 8.95 45.71 14.72*' 
Na 6.275 6.636 0.07 
Cu 0.0103 0.0247 10.19* 
Zn 0.0243 0.1109 14.63' 
M A M J J A SON D Mn 2.52 13.14 14.08** SOIL DEPTH CLASSES 
_ 0-50mm _ SO-100mm 0 100-150mm 
Figure 2 Total monthly precipitation and soil water contents 
(means of 5 measurements) at different depths in on- and off-
mound habitats (total rainfall during August was 63.1 mm). 
B 0.1153 
Fe 2.978 
AI 18.44 
*Significant at P < 0.05 
* 'Significant at P < 0.001 
0.4286 8.40* 
5.856 13.66** 
31.73 10.46* 
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Table 6 Statistical comparison of foliar 
elemental concentrations (n = 5) of two species 
growing in both on- and off-mound habitats 
Foliar concentration (mmol kg, l) 
Element Off-mound On-mound H-statistic 
R uschia ca roh 
N 406.94 514.03 4.93 ':' 
p 20 .02 33.58 3.59 
K 703.29 787.68 0.01 
Ca 678.64 853.29 6.00':' 
Mg 748.66 888.52 6.00* 
Na 595.91 732 .21 1.55 
Cu 0.0773 0.0791 0.01 
Zn 0.3934 0.3809 0.53 
Mn 28.71 33.70 0.02 
B 3.6799 4.0851 1.32 
Fe 1.9137 1.6118 1.84 
AI 4.2254 3.6308 0.88 
Euphorbia burmannii 
N 449.78 621.12 4.81 " 
P 45.53 58.12 0.88 
K 432 .20 583.09 1.58 
Ca 256.48 362.28 1.32 
Mg 259.98 255. 86 0 .54 
Na 122.23 152.24 0.53 
Cu 0.1266 0.1133 0.53 
Zn 0.5742 0 .3470 5.77'" 
Mn 3.4652 1.4310 4.84" 
B I. 7761 1.8964 1.10 
Fe 2.3262 1.9004 0 .27 
AI 4.7517 2.5901 3.93 ':' 
*Significant at P < 0.05 
al. 1988). Although heavy metals are potentially 
extremely toxic to plants (Turner 1969; Levitt 1972) and 
Al can interfere with the uptake and transport of several 
essential elements (Roy et al. 1988) , no evidence of 
toxicity or nutrient deficiency was detected in plants of 
either habitat using guidelines presented by Marschner 
(1986 , pp. 392- 393) , and higher Al soil concentrations 
on-mound were not reflected in the foliar analyses. 
Increased soil K levels on-mound could increase plant 
tolerance to some heavy metals (Simon 1977) and low 
soil water levels off-mound could reduce heavy metal 
toxicity in the acid soils, since micro-elements are less 
available for root uptake under conditions of low soil 
water content (Gauch 1972; Bidwall 1974) . 
Higher soil water levels on-mound indicate better 
water infiltration , which may be either a direct or 
residual effect of burrowing by termites and mole-rats , 
as has been demonstrated by Cox (1987) in the 
formation of grass-dominated vegetation circles through 
gerbil burrowing in areas of the southern Namib desert. 
It appears unlikely , however , that the predominance 
of deciduous forms on-mound , and other differences in 
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Table 7 Statistical comparison of foliar elemental 
concentrations (n = 5) of two congeneric species, each 
dominant in either on- or off-mound habitats 
Foliar concentration (mmo l kg, l) 
Off-mound On-mound 
E leme nt Pteronia panicuiata Pteronia incana H-statistic 
N 785.32 1149.42 4.90" 
P 41.01 67.49 6.05'" 
K 427.09 534.50 1.50 
Ca 270.21 316.87 1.50 
Mg 169.48 135.75 1.51 
Na 241.41 234.88 0.06 
Cu 0.281 7 0.1939 1.50 
Zn 0.4892 0.4513 0.54 
Mn 4.6596 2.3662 6.00" 
B 6.6512 13.7835 6.00" 
Fe 3.8 137 4. 1576 0.06 
AI 6.1156 6.3492 0.00 
':' Significant at P < 0.05 
vegetation composition, are related entirely to differ-
ences in soil water status between on- and off-mound 
habitats . Under arid conditions, the deciduous habit is 
not necessarily indicative of a higher water availability 
than the evergreen habit (Schulze 1982) . In vegetation of 
mediterranean climates (Mooney & Dunn 1970; Poole & 
Miller 1978) and the Sonoran (Szarek & Woodhouse 
1977) and Saharan deserts (Stocker 1971) , it has been 
found that deciduous forms are often better adapted to 
extremes of aridity than evergreen forms . 
Deciduous plant forms often exhibit a greater require-
ment for nutrients than evergreens due to their shorter 
leaf duration and more rapid leaf turnover rate (Chabot 
& Hicks 1982) , and are found more frequently in 
habitats with higher soil nutrient levels and rates of 
turnover than those in which evergreens occur (Mooney 
1983). This suggests that that the distribution of growth 
forms on- and off-mound may be related to differences 
in soil nutrient status between these two habitats . 
As a first approximation of possible nutrient limita-
tion, and in the absence of suitable local standards , soil 
elemental concentrations in both habitats were 
compared with standards established by Sol tan pour et al. 
(1979) for indigenous and improved forage grasses . In 
both habitats , soil macro- and micro-elemental concen-
trations could be classified as adequate, i.e . not deficient 
in any macro-nutrient and having micro-nutrient levels 
above those considered adequate for growth . With the 
exception of Nand P , foliar micro- and macro-elemental 
concentrations in both habitats were above levels 
considered adequate (Epstein 1972) and typical (Hewitt 
& Smith 1975) in foliage of normal plants . Higher soil N 
concentrations on-mound were significantly reflected in 
the foliar tissue of all species investigated. Higher soil P 
on-mound , however , was reflected only in the foliar 
tissue of P. incana. These results suggest that N, the 
nutrient which most frequently limits plant growth in 
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terrestrial ecosystems (Ellenberg 1977; Gray & 
Schlesinger 1981), is the most important growth-limiting 
nutrient in the vegetation investigated . Phosphorus may 
also be of importance since P , like N , is essential for 
protein synthesis. Low foliar P levels can depress protein 
synthesis , as demonstrated in certain species (Loveless 
1961, 1962) . 
The improved soil and foliar N on-mound suggests a 
higher productivity in this habitat since foliar N 
concentrations are closely correlated with photosyn-
thetic rates (Field & Mooney 1986). Deciduous forms 
exhibit more efficient N utilization, and have higher 
photosynthetic rates and productivities than evergreen 
forms (Mooney 1983) . Consequently , it is likely that the 
more favourable soil N on-mound, in combination with 
improved soil water status , provides conditions 
conducive to the success of deciduous forms in this 
habitat. 
Conclusions 
Zoogenic soil mounds form localized areas of improved 
soil fertility. Mound formation is possibly initiated 
through the burrowing activities of termites and mole-
rats which appear to improve soil water infi ltration and 
possibly aeration . This , together with the importation of 
organic material by fossorial organisms , such as termites 
(Merryweather 1965) , and its subsequent fragmentation 
(Edwards & Heath 1963) , may result in an increased rate 
of humification, microbial degradation and minerali-
zation of organic matter (Marcuzzi 1970; Read & 
Mitchel l 1983). These processes , which take p lace more 
rapidly under conditions of improved soil moisture 
(Billes et al. 1971; Marion 1981) , are fundamental in 
rendering nutrients, such as N, available for plant 
growth In terrestrial ecosystems (Rosswell 1976; 
Ellenberg 1977; Lee & Stewart 1978). Better soil 
aeration on-mound could also enhance the nitrification 
process and N availability, since the N ion is more 
readily available for root uptake in its oxidized (nitrate) 
form due to its higher mobility in the soil (Delwiche 
1983). 
The improved soil N status on-mound provides condi-
tions favourable for growth of deciduous forms, which 
have a high nutrient requirement due to their short leaf 
duration and more rapid leaf turnover rate (Chabot & 
Hicks 1982). Under these conditions , deciduous forms 
may have a competitive advantage over evergreens, due 
to their higher productivity and N utilization efficiency 
(Mooney 1983), hence their predominance on-mound. 
Enhanced litter production on-mound, resulting from 
the presence of these forms, should maintain the 
integrity of these formations, even in the absence of their 
zoological component. In the latter case , disturbance of 
mound formations, particularly the deciduous 
component, could result in their degradation. 
Data on the photosynthetic capacities , rates of 
biomass production and water-use efficiencies of 
deciduous and evergreen forms of the area in relation to 
soil N and water availability are required to further 
substantiate these findings. 
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